The purpose of this study was to determine the effect of ionized calcium on bacteria cross contamination on chicken carcass and meat during the slaughter process. Compared to the control group, colony of E. coli was not observed on medium containing 0.5% ionized calcium. Cross contamination of bacteria on carcass surface of fresh chicken was increased as the number of scalding was increased. Cross contamination of bacteria on carcass surface of fresh chicken was lower in the 0.5% ionized calcium scalding treatment group than that in the control group. Bacteria colony count on chicken meat surface after cooling water treatment was increased as the storage period was increased. Bacteria colony count was lower in the 0.5% ionized calcium treatment group than that in the control group.
Introduction
As chicken meat consumption continues to increase globally, it is essential to ensure microbial safety during slaughter of poultry. Preventing microbial contamination during the slaughter is very important to keep chicken meat fresh (Rouger et al. 2017) . Decreasing contamination of raw poultry would significantly reduce the incidence of illness. Contamination occurs both in the farm and poultry slaughter plants (Hong et al. 2015; Choi et al. 2016) . As most chicken meat is produced in small slaughter houses, meat quality is susceptible to degradation due to cross contamination of bacteria. Microbes contaminated on carcass and meat surface during the slaughtering process and distribution of chicken meat can proliferate during storage. They can cause lipid rancidity and change meat quality, leading to lower meat quality and shorter storage period. In addition, they are hygienic hazards (Chae et al. 2008; Lee et al. 2015) .
During slaughtering process when chicken is scalded, washed, or cooled. Microbial cross contamination can easily occur. The soft texture of fresh chicken meat makes it easy for microbes to proliferate. After bleeding, chicken is immersed in water at 55 °C for 3 min to remove feathers. In this scalding process, cross contamination of microbe can occur through the scalding water (Bailey et al. 1987; Chae et al. 2011) . Because the body temperature of chicken is as high as 41 °C, microbial proliferation can increase. When fresh chicken meat is stored and transported, microbial proliferation can lower the freshness of meat. This is why cooling water treatment is necessary during slaughtering. If microbial cross contamination is high during cooling water treatment, it can cause problem in chicken meat quality, especially freshness maintenance (Patsias et al. 2006; Hong et al. 2008) . A lot of efforts have been made to prevent microbial cross contamination on meat surface and maintain the freshness of chicken meat by adding various materials into cold treatment water (Gonzalez-Fandos and Dominguez 2007; Rand et al. 2007 ). In slaughter house, chicken meat is packaged individually to be shipped to retail market, where consumers buy chicken meat. If chicken meat with high initial microbial contamination is packaged after slaughtering, microbial proliferation can further increase during the distribution process (Chae et al. 2008) .
Water soluble ionized calcium (CaO, Calcium oxide, ionized calcium) with purity of 99% or more has been developed from oyster and ark shells after they are burned to get rid of magnesium and phosphorus (Sawai 2003; Kang et al. 
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468 Page 2 of 5 2008). Ionized calcium (CaO) solution is basic through dehydration. It has anti-bacterial activity (Sawai et al. 2001; Sawai 2003) . It can be used to substitute chlorine sterilization of vegetable (Kim et al. 2012) . It can also be used to extend the storage period of food (Kim et al. 2007 ). However, whether ionized calcium could be used during chicken slaughtering to prevent microbial cross contamination of chicken meat remains unclear. Therefore, the objective of this study was to determine the effect of ionized calcium treatment on microbial cross contamination of carcass or chicken meat surface.
Materials and methods

Experimental materials
Broiler chickens (body weight, 1.8 kg) were supplied by a chicken breeding farm located in Ansung, Gyungki-do, Korea on the day of shipment. Fresh chicken meat was purchased from a slaughter house located in Choonchun, Kangwon-do, Korea. Ionized calcium was supplied by g2g Inc. (Seoul, South Korea).
Growth inhibition of Escherichia coli
When ionized calcium solution at different levels was used in treatment in a pre-test to study its inhibition effect on the growth of E. coli, it was found that 0.5% ionized calcium solution showed optimum inhibition effect. Therefore, 0.5% ionized calcium solution was used in this study to examine its inhibitory effect on the growth of E. coli. Treatment group and control group were used in six repeated tests. For the control group, 1 L of regular distilled water without any ionized calcium was used. For the treatment group, 1 L of 0.5% ionized calcium solution was used to prepare each test medium. To make test medium, 23 g of nutrient agar (Difco, USA) was mixed with 1 L of regular distilled water or ionized calcium solution. The medium was sterilized at 121 °C for 15 min and 15 mL was dispensed onto culture plate to prepare solid medium. Activated E. coli (KCTC 1039) was diluted to 10 6 . Diluted E. coli (100 µL) was spread onto the solid medium. After culturing at 37 °C for 24 h, the number of colonies was counted. The concentration of bacteria was expressed in log CFU/ml (Jang et al. 2009 ).
Bacterial cross contamination after scalding
Broiler chickens were electrically stunned and blood was depleted by cutting the carotid artery. Chickens were then scalded. Treatment was either normal scalding water treatment or scalding water containing 0.5% ionized calcium. The temperature of water was maintained at 55 °C. The concentration of 0.5% for ionized calcium solution was chosen based on results of pre-test with different concentrations. The loss of solution at each scalding was compensated to maintain the same amount of scalding water. Sixty fresh chickens were assigned to normal scalding water group or 0.5% ionized calcium water group. Scalding was repeated 10 consecutive times (3 min each time) for six birds each time. Feathers were removed to obtain fresh chicken meat for measurement of cross contamination on carcass surface. Fresh chicken was scalded for 1, 5, 7, or 10 times. Aluminum foil was attached to the back, legs, and breast of the carcass surface (area of 10 cm 2 ). A sterilized cotton swab absorbing 1 mL of sterile distilled water was used to collect the specimen by moving it up and down and from left to right direction on the area for which foil was attached. The cotton swab specimen was put in a 9 mL tube of sterile distilled water and diluted step by step (up to a dilution factor of 10 4 ), after which 1 mL of the diluted specimen was inoculated onto Petrifilm (RAC, Rapid Aerobic Count plate, 3M Co, St. Paul, MN, USA) and cultured at 35 °C for 24 h. Scalding water (1 ml each) used for 1, 5, 7, or 10 times of scalding was added to a tube containing 9 mL of sterile distilled water and diluted step by step up to a dilution factor of 10 4 and 1 mL of the diluted scalding water was cultured in the same way as described above. The number of bacteria (CFU/cm 2 ) on fresh chicken surface or in scalding water (CFU/mL) was then counted.
Bacterial cross contamination after cooling water treatment
To determine the effect of ionized calcium treatment on freshness maintenance of chicken, one control group (ionized calcium, 0%) and three treatment groups (ionized calcium, 0.5, 0.7, and 0.9%) were used. Cooling water at 4 °C containing 0, 0.5, 0.7, or 0.9% of ionized calcium was prepared by dissolving 0, 40, 56, or 72 g of ionized calcium in 8,000 mL of regular potable water and maintained in a low temperature room during test. The volume of 8000 mL of cooling water was maintained by compensating the cooling water with ionized calcium at the same concentration each time when the cooling water was lost during the cooling process. A total of 80 fresh chickens were used for the four groups (20 chickens per group). Each chicken was treated in cooling water for 50 min. After cooling water treatment, chickens were packaged in commercial zipper bags and stored in a low temperature room for 0, 5, 7, and 9 days. Microbial cross contamination on the surface of chicken meat was measured for each storage period.
Statistical analysis
SPSS/Windows 21.0 (statistical package for the social science, SPSS Inc., Chicago, IL, USA) was used for all data analyses. One-way analysis of variance (ANOVA) was used to compare mean value of each test. Statistically significant difference was determined at 95% confidence level by Duncan's multiple test (p < 0.05).
Results and discussion
In the result of E. coli culture test on media containing regular distilled water without ionized calcium or with 0.5% ionized calcium, 8.01 colonies were formed on the media prepared with regular distilled water. However, no colony was observed on the media prepared with 0.5% ionized calcium (Table 1 ; Fig. 1 ). It has been reported that calcium oxide possesses sterilizing power (Sawai et al. 2001) . After seashells are fired at high temperature at 1,300-1,500 °C to make high purity calcium oxide powder, the powder has been used to prepare liquid sterilizing coating and solid sterilizing additive. When these sterilizing agents are applied to various air purifying filters, it has 99.9% sterilizing power against E. coli and Staphylococcus aureus (Sawai et al. 2001; Chae et al. 2013) . These results are consistent with results of this study.
When broiler chickens were scalded in regular scalding water to remove feathers, microbial cross contamination on the surface of fresh chicken was increased (p < 0.05) as the number of scalding was increased (Fig. 2) . Microbial cross contamination on carcass surface of fresh chicken was increased as the number of scalding was increased. It was increased significantly from 5.21 CFU/ cm 2 at the first scalding to 5.29, 5.54, and 5.65 CFU/cm 2 at the 5th, 7th, and 10th scalding, respectively. Our results are consistent with results of previous findings shown that microbial cross contamination on chicken meat surface is increased with increasing number of scalding (Bailey et al. 1987; Chae et al. 2011) .
Microbial cross contamination on carcass surface of fresh chickens was reduced from 6.65 CFU/cm 2 after scalding with 0% ionized calcium solution (the control group) to 5.23 CFU/cm 2 after scalding with 0.5% ionized calcium solution (Fig. 3) . This result proved that 0.5% ionized calcium scalding treatment during chicken slaughtering could reduce microbial cross contamination on the carcass surface of fresh chickens. Various efforts have been made to prevent microbial cross contamination on carcass surface to maintain freshness of chicken. It has been reported that mixture of citric acid and sodium chlorite can inhibit the growth of microbe on the surface of chicken thigh meat. Diffusion of calcium and hydroxyl ion is associated with solvent used to Curves not sharing a common letter differ significantly (n = 6) dissolve calcium hydroxide (Kim and Yi 2002) . To enhance the effect of calcium hydroxide, various solvents have been used to increase its anti-bacterial activity (Stuart et al. 1991) . However, no study has reported its effect on fresh chicken meat. Cross contamination of microbes on carcass surface of fresh chicken produced in slaughter houses is a very serious issue. Results of this study are highly beneficial to satisfy the preference of consumers for clean and safe meat product for their well-being (Hwang et al. 2004) .
Changes in bacteria count (CFU/cm 2 ) on chicken meat surface on each day during storage at 4 °C after cooling water treatment using solutions containing different concentrations of ionized calcium are shown in Fig. 4 . Bacteria count on chicken meat surface was lower in ionized calcium treated group than that in the control group. It was increased over time in all treatment groups. Difference between groups was significant. In the control group, the count was 3.22 CFU/cm 2 on day 0. It was increased to 3.61, 4.81, and 5.61 CFU/cm 2 on days 5, 7, and 9, respectively. In the 0.5% ionized calcium treated group, the count was 2.74 CFU/ cm 2 on day 0. It was increased to 2.71 when it actually decreased from 2.74 CFU/cm 2 . In 0.7% ionized calcium treated group, the count was 2.37 CFU/cm 2 on day 0. It was increased to 2.61, 4.17, and 5.17 CFU/cm 2 on days 5, 7, and 9, respectively. Among the two ionized calcium treatment groups, bacterial counts with the same storage time were not significantly different. The reason why bacterial count in ionized calcium treated group was lower than that in the control group might be due to the fact that the pH of chicken meat in ionized calcium treated group was lower than that in the control group. The pH value is a very important factor in bacteria proliferation. When pH becomes higher, the speed of proliferation of harmful bacteria is also faster. Harmful bacteria can decompose protein during meat storage and produce ammonia which increases the pH of chicken breast meat . Our results showed that using a solution containing 0.5% ionized calcium for cool water treatment for 50 min, while slaughtering had potential to increase freshness and storage of chicken meat by keeping bacteria count on chicken meat surface under 10 5 CFU/cm 2 .
Conclusions
In conclusion, 0.5% ionized calcium treatment compare to control treatment without ionized calcium had antibacterial activity against E. coli and other bacteria. Bacterial cross contamination on the carcass surface of fresh chickens was reduced from 6.65 to 5.23 CFU/cm 2 after scalding in 0.5% ionized calcium solution. After 9 days of storage at 4 °C after cooling with ionized calcium solution, the number of bacteria on the surface of chicken meat was decreased by 8.91%. Therefore, ionized calcium treatment can be used to prevent microbial cross contamination on chicken meat surface. Additional tests are needed to confirm the promising potential of such treatment.
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